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ABSTRACT 

The Lower Yukon River drainage (LYR) was searched for potential 
Pacific salmon (~ncorh~nchus~spp.) hatchery sites. ~ a t a  were 
collected on 215 sites, 181 of which were visited. Fifteen loca- 
tions in the LYR were identified as potential sites for small- 
scale (1-5 million egg capacity) fall chum salmon hatcheries. 
These sites include the villages of Ruby, Holy Cross, Russian 
Mission, Marshall and St. Mary's. Because of limited water sup- 
plies or access limitations, no sites were found that would ac- 
commodate a production-scale (>1Q million egg capacity) hatchery 
with a conventional (non-recirculating) water supply. Water 
supplies at several villages were so limited that even a small- 
scale hatchery would not be possible without recirculation. 
Recirculation technology needs further development before it can 
be used in the LYR. Greater water supplies might be obtained in 
some villages through wells that reach below the permafrost 
layer. Although fall chum salmon (0. keta) were considered the 
species best suited for enhancement-in the LYR, chinook sa'lmon 
(0. - tshawytscha) appeared to have some potential. 

Opinions of fishermen in the LYR concerning salmon enhancement 
were also obtained. Although many fishermen expressed an inte- 
rest in salmon enhancement when they were interviewed, there did 
not appear to be a spontaneous demand for it.   his was primarily 
due to the fishermen's unfamiliarity with salmon enhancement con- 
cepts and their questions about the impact of hatchery fish on 
wild fish and on a subsistence lifestyle. There is a strong need 
for education of Yukon River fishermen on salmon biology and sal- 
mon enhancement techniques. A small-scale educational hatchery 
placed in one or more villages would do much to satisfy this 
need. It is likely that there will be a stronger demand for 
hatchery production in the future as Yukon River fishermen become 
more familiar with hatchery methods and as demands on wild salmon 
increase. If a production-scale hatchery is to be built, most 
LYR fishermen wanted it to be located upriver from their village. 

KEY WORDS: fish culture, Oncorhynchus spp., salmon, whitefish, 
Yukon River, Koyukuk River, Haul Road, hatchery site investiga- 
tions, water sources, springs, recirculation. 



INTRODUCTION 

The Division of Fisheries Rehabilitation, Enhancement and 
Development (FRED) of the Alaska Department of Fish & Game was. 
asked by the 1980 Alaska Legislature to conduct a hatchery site 
investigation in the Lower Yukon River region (LYR). For this 
study we defined the LYR as the Yukon River dralnage bel-ow the 
village of Tanana (Figures. 1 and 2). This area includes the 
Koyukuk River drainage. 

Little hatchery site investigation work has been conducted in the 
LYR. One study was confined to Lower Yukon villages and resulted 
in the construction of a nonprofit hatchery in Mountain Village 
in 1978. However, problems with water availability and financing 
have kept it from operating. A survey of water temperatures and 
flows in the Upper Koyukuk drainage, which was conducted as part 
of a hatchery site investigation, revealed abundant water in 
winter but low water temperatures (Raymond 1979). A survey was 
conducted among commercial and subsistence fishermen along the 
entire Yukon River in Alaska to determine which species of fish 
they would like to see produced by a hatchery. Respondents 
living in the LYR indicated a fairly even preference for fall 
chum, summer chum, chinook and coho (0. kisutch) salmon (Raymond 
1977). Pope (1980) surveyed the historical relationships of the 
commercial and subsistence salmon fisheries in the Yukon River 
area in relation to the Limited Entry Program but did not address 
the issue of salmon enhancement. 

We attempted to answer two questions in this study: (1) What 
water sources are in the LYR that are both reasonabl accessible f: and of suitable quality for salmon culture, and (2) ow do fish- 
ermen in the LYR feel about salmon enhancement and rehabilitation 
in their region. Although many considerations are involved in 
hatchery site selection (Raker 1977), we put most of our effort 
into identifying water sources because we felt that this was the 
factor that was most responsible for limiting hatchery 
development in the LYR. 

Because we expected difficulty in finding suitable water sources, 
a separate study was conducted to evaluate the feasibility of a 
recirculating hatchery that could be placed in villages with 
limited water supplies (Raymond 1981) . 
This report appears in two volumes. Volume 1 contains the main 
results of the survey. Volume 2 contains water quality analyses, 
well logs and aquifer tests for many of the sites investigated. 



F i g u r e  1. P a p  o f  t h e  Lower Yukon Rive r  f r o m  t h e  Yukon D e l t a  t o  
G a l e n a .  



F i g u r e  2 .  P a p  o f  t h e  Lower Yukon R i v e r  f rom Kaltag to Tanana, 
and t h e  Koyukuk R i v e r .  
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MATERIALS A N D  METHODS 

Ten f i e l d  s u r v e y s  w e r e  c o n d u c t e d  ( T a b l e  1 ) .  D a t a  w e r e  c o l l e c t e d  
t h r o u g h  b o t h  f i e l d  i n v e s t i g a t i o n s  and i n t e r v i e w s .  ~ e e t i n g s  were 
a l s o  a r r a n g e d  t o  d i s c u s s  s a l m o n  e n h a n c e m e n t  i n  some v i l l a g e s  
( T a b l e  2 ) .  B e c a u s e  o f  t h e  h i g h  c o s t s  a s s o c i a t e d  w i t h  b u i l d i n g  
and  o p e r a t i n g  a  r e m o t e  f a c i l i t y ,  we c o n f i n e d  o u r  s t u d y  t o  s i t e s  
i n  o r  n e a r  v i l l a g e s  o r  r o a d s  t h a t  a r e  o p e n  y e a r - r o u n d .  

W a t e r  t e m p e r a t u r e s  w e r e  m e a s u r e d  w i t h  a  m e r c u r y  t h e r m o m e t e r  w i t h  
O.lOc d i v i s i o n s .  S m a l l  w a t e r  f l o w s  w e r e  m e a s u r e d  w i t h  a c o l l a p -  
s i b l e  w a t e r  c o n t a i n e r  and s t o p  w a t c h .  L a r g e r  w a t e r  f l o w s  were 
m e a s u r e d  b y  e s t i m a t i n g  a v e r a g e  w i d t h ,  d e p t h  and  w a t e r  v e l o c i t y .  
W a t e r  s a m p l e s  w e r e  c o l l e c t e d  i n  1 l i t e r  p o l y e t h y l e n e  b o t t l e s  
c o n t a i n i n g  1 0  m l  n i t r i c  a c i d  and  a n a l y z e d  b y  N o r t h e r n  T e s t i n g  
L a b o r a t o r i e s .  

RESULTS 

E x i s t i n g  c o m m e r c i a l  and s u b s i s t e n c e  f i s h e r i e s  

The c o m m e r c i a l  and  s u b s i s t e n c e  s a l m o n  c a t c h e s  i n  t h e  LYR ? r e  
g i v e n  i n  T a b l e  3. The a v e r a g e  t o t a l  s a l m o n  c a t c h  h a s  b e e n  a b o u t  
1 . 2 5  m i l l i o n  s a l m o n  p e r  y e a r ,  w h i c h  i s  a b o u t  2% o f  t h e  t o t a l  
c a t c h  f o r  t h e  s t a t e .  However,  b o t h  t h e  c o m m e r c i a l  and s u b s i s -  
t e n c e  c a t c h e s  v a r y  c o n s i d e r a b l y  f rom y e a r  t o  y e a r .  Most  o f  t h e  
s a l m o n  a r e  c a u g h t  n e a r  t h e  mouth  o f  t h e  Yukon R i v e r  w h e r e  a  l a r g e  
c o m m e r c i a l  f i s h e r y  i s  l o c a t e d .  About  1 9 %  o f  t h e  t o t a l  c a t c h  is 
u s e d  f o r  s u b s i s t e n c e .  However,  t h e  p r o p o r t i o n  o f  t h e  c a t c h  t h a t  
is u s e d  f o r  s u b s i s t e n c e  c a n  r e a c h  58% o r  more  i n  u p r i v e r  a r e a s .  
I n  t h e  Koyukuk R i v e r ,  t h e  s u b s i s t e n c e  f i s h e r y  i s  t h e  o n l y  
f i s h e r y .  

H a t c h e r v  S i t e  O b s e r v a t i o n s  

T w o - h u n d r e d - f i f t e e n  s i tes  were i n v e s t i g a t e d  f o r  h a t c h e r y  d e v e l o p -  
m e n t  a l o n g  t h e  Hau l  Road ,  i n  t h e  Lower ~ o y u k u k  ~ i v e r ,  and  a l o n g  
t h e  Yukon R i v e r  b e l o w  T a n a n a .  W a t e r  f l o w s  and t e m p e r a t u r e s  f o r  
t h e s e  s i t e s  a r e  g i v e n  i n  A p p e n d i x  T a b l e s  1, 2 and  3 ,  r e s p e c t i v e -  
l y .  ( W a t e r  q u a l i t y  a n a l y s e s  and  w e l l  t es ts  f o r  many o f  t h e s e  
s i t e s  a r e  g i v e n  i n  Volume 2 ) .  A - d d i t i o n a l  comments  o n  3 1  o f  t h e  
more  i m p o r t a n t  l o c a t i o n s  a r e  g i v e n  be low.  F i f t e e n  o f  t h e s e  s i t es  
a p p e a r  t o  h a v e  some p o t e n t i a l  f o r  h a t c h e r y  d e v e l o p m e n t  and  a r e  
marked w i t h  a n  a s t e r i s k .  

I n  t h e  f o l l o w i n g ,  s i t e  n u m b e r s  r e f e r  t o  t h e  o r d e r  i n  w h i c h  s i t e s  
a p p e a r  i n  Append ix  T a b l e s  1, 2  a n d  3 .  W a t e r  q u a l i t y  a t  v a r i o u s  
l o c a t i o n s  is  u s u a l l y  g i v e n  r e l a t i v e  t o  s t a t e  w a t e r  q u a l i t y  c r i -  
t e r i a  f o r  f i s h  c u l t u r e  w h i c h  a r e  g i v e n  i n  Append ix  T a b l e  4 .  



T a b l e  1. F i e l d  s u r v e y s  c o n d u c t e d  f o r  t h e  Lower Yukon h a t c h e r y  
s i t e  i n v e s t i g a t i o n .  

D a t e  L o c a t  i o n s  

T a n a n a ,  Ruby,  H o r n e r  Hot S p r i n g s ,  G a l e n a ,  
N u l a t o ,  K a l t a g  
J i m  R i v e r ,  M i d d l e  F o r k  Koyukuk R i v e r ,  
D i e t r i c k  R i v e r  
E e t h e l ,  R u s s i a n  M i s s i o n ,  P " a r s h a l 1 ,  H o l y  
C r o s s ,  A n v i k ,  G r a y l i n g  
B e t h e l ,  S t .  F a r y ' s ,  M o u n t a i n  V i l l a g e  
B e t t l e s ,  A l l a k a k e t ,  A l a t n a  
H o r n e r  Hot  S p r i n g s ,  Ruby 
G a l e n a ,  H u s l i a  
Nome, K o t l i k ,  H o l y  C r o s s ,  M a r s h a l l ,  
M o u n t a i n  V i l l a g e  
S t  M a r y ' s ,  H o l y  C r o s s ,  R u s s i a n  M i s s i o n ,  
M a r s h a l l ,  M o u n t a i n  V i l l a g e ,  B e t h e l  
J i m  R i v e r ,  M i d d l e  F o r k  Koyukuk R i v e r ,  
D i e t r i c h  R i v e r  
Ruby,  Long 

T a b l e  2. M e e t i n g s  a r r a n g e d  t o  d i s c u s s  s a l m o n  e n h a n c e m e n t  i n  t h e  
Lower Yukon R i v e r  r e g i o n .  

V i l l a g e  D a t e  Yo. P a r t i c i p a n t s  

K a l t a g  
N u l a t o  
A l l a k a k e t  



Table 3. Commercial and subsistence salmon catches in the Lower 
Yukon River drainage, 1971-198m. The fishing districts given 
below are approximately the mouth of the Yukon ~ i v e r  to Mountain 
Village (Y-1) , Mountain Village to Marshall (Y-2)' Marshall to 
Anvik (Y-3), Anvik to Tanans (Y-4), Tanana vicinity (Y-5-1) and 
the Koyukuk River (Koy.) . 

Thousands of salmon 
chum chinook coho 

Dist. Fishery Ave. Range Ave. Range Ave. Range 

Y-1 Comm. 
Subs. 

Y-2 Comm, 
Subs, 

Y-3 Comm. 
Subs. 

Y-4' Comrn. 
Subs, 

Y-5-1 Comm. 
Subs. 

Koy. Subs. 

Total Comm. 
Subs. 

1. Does not include Koyukuk River 
2. Data available for 1977 and 1978 only 
3. Data available for 1978 and 1979 only 
4. Data available for 1974-1900 only 



Water flows are given in liters per minute (lpm). One gallon per 
minute equals 3.78 lpm and one cubic foot per second equals 1599 
lpm. 

*Dietrich River (Site 1; Fig. 3). This river hag a winter flow 
of 5,088 lpm. The winter water tem~erature is P C but many set- 
tions remain open, apparently because of the high gradient (19 m 
per km) . The gradient and flow may be sufficient to power a 
small hydroelectric unit. The Dietrich River is accessible year- 
round by the Haul Road. 

*Spring near Dietrich River (Site 4; Fig. 4). This spring flows 
from the bottom of a hillside 50 m east of the Haul Road at pipe- 
line mile post 190. On 3 October 1988 it flowed 3,&00 lpm at 
8.5O~ and on 14 April 1981 it flowed 2RB lpm at 8.1 C. The water 
was relatively hard (390 ppm CaC03) and had a low pH (6.43) and a 
low dissolved oxygen concentration (3.5 ppm). 

*Jim River Bridge #3 (Site 23). The Haul Road crosses the Jim 
River at this site 5 km north of Prospect Camp. About 1 km down- 
stream from the bridge the river was flowing approximately 89,DPfl 
lpm at 0 ° ~  on 14 April 1981. A water intake is located in the 
middle of the River at the bridge and is apparently used through- 
out the winter to fill water trucks. Chum salmon are reported to 
spawn in the Jim River below Prospect Camp. 

Allakaket (Sites 49-53). Ground water is available in only small 
quantities (30 to 5f l  lpm) , and its iron (8.19 to 0.76 ppm) , 
chloride (3.0 to 7.0 ppm) , magnesium (9.7 to 43 ppm) and maganese 
(8.06 to 0.47 ppm) concentrations, and pH (7.9 to 8.4) exceed re- 
commended maximum values. Although the Koyukuk River at Alla- 
kaket appears to have good water quality, it occasionally becomes 
turbid in the spring and summer. The site of a reported spring 
near the Alatna Bluff was visited on 5 February 1981 but no flow 
was observed. 

*Clear and Caribou Creeks (Sites 54-55). Both creeks are located 
in the Zane Hills near Hog Landing on the Koyukuk River approx- 
imately 66  km by air from Hughes. The creeks are reported to he 
spring fed and to have ice-free areas through the winter. Cari- 
bou Creek has numerous small spring seeps reported in the lower 
two-thirds of the creek below the road crossing and both creeks 
appear to carry more water than would be expected from the size 
of their watersheds (Fred Anderson, personal communication). 
Stream gradients, determined from a topological map, are approxi- 
mately 11 rn per km, On 18 July 1980, 12,400 and 7,4P0 chum 
salmon were observed in Clear and Caribou Creeks, respectively 
(ADF&G, 198B). All spawning chum salmon were observed in the 
areas that were reported to be spring fe6. The creeks appeared 
to be about 7 m wide (Fred Andersen, personal communication). 

The creeks are accessible during the summer by the Hogatza road, 
which starts at Hog Landing on the Koyukuk ~iver. Barge service 
is available to Hog Landing. Alaska Gold Company has a 975-m by 



21-m gravel airstrip at Fear Creek on the Hogatza Road that may 
be used with permission. 

Hughes (Sites 58-61). The village well produces only 57 lpm and 
the iron (0.7 ppm) , manganese (0.12 to 1.4 ppm) , and nitrate (1.5 
to 2.1 ppm) concentrations exceed the recommended maximum values. 
Three geothermal springs are reported within 2fl km of Hughes but 
we were unable to locate any additional data on them. 

Huslia (Sites 68-92). The village well produces only 98 lpm, and 
t h e o n  (7.5 ppm) , manganese (0.35 ppm) , and arsenic (0.03 ppm) 
concentrations exceed the recommended maximum values. No springs 
are known near Huslia. In addition to the public well, Huslia 
has several private wells. 

Koyukuk (Site 93). The village well produces only 23 lpm and the 
iron (G1.5 ppm) , lead (0.03 ppm) , and manganese (P.4 ppm) concen- 
trations exceed the recommended maximum values. No springs are 
known near Koyukuk, 

Tanana (Sites 103-113). Groundwater production from the village 
well is variable (4-190 lpm) , and its iron (8.78 to 7.6 ppm) , 
manganese (0.16 to 0.97 ppm) , magnesium (7.3 to 5P ppm) , and 
chloride (15.5 to 29 ppm) concentrations exceed the maximum re- 
commended values. Tanana has several private wells in addition 
to the public well. Although water quality in the ~ozitna River 
appears good, a site on this river would require about 6 km of 
new road and a means for heating the water. A submerged spring 
is reported in the Tozitna River 1.2 km below its confluence with 
Crooked Creek which is approximately 40 km by air north of 
Tanana. 

*Horner Hot Springs (HHS) and HHS Creek (Sites 1.15-116; Figs. 5 
and 6). These sites are located approximately 1.2 km north of 
the Yukon River, approximately 37 km upriver from Ruby. The main 
spring is located on a granitic cliff 12 m above the west bank of 
HHS Creek (110 m abgve of the Yukon River). The main spri~g 
flows 170 lpm at 48 C. HHS Creek flowed l,lfl0 lpm at 8.8 C on 
18 February 1981, The water quality in HHS Creek is unknown. 

Several smaller springs are located on HHS Creek between 160 and 
328 m upstream from the main spring. Six are on the west bank 
and one is on the east bank. These springs are between P.6 a8d 
6.1 m above the creek, range in temperature between 30 and 49 C, 
and have a combined flow of 75 lpm. 

*Ruby Public Health Service Well (Site 12P). The village well 
produces only 81 lpm, but only the magnesium concentration (22 
ppm) exceeds the recommended maximum values. Ruby has a 790 m by 
15 m airstrip and scheduled air service from Galena and Fair- 
banks. Yutana Barge Lines, based out of Nenana, provides river 
freight service. 



* M i d n i g h t  C r e e k  S p r i n g s  ( S i t e  1 2 8 ) .  T h e s e  s p r i n g s  a r e  l o c a t e d  a t  
t h e  h e a d w a t e r s  o f  M i d n i g h t  C r e e k  on  t h e  e a s t  s i d e  o f  t h e  Ruby- 
Poorman Road a p p r o x i m a t e l y  6 4  km s o u t h  o f  Ruby. P i g n i g h t  C r e e k  
i s  r e p o r t e d  t o  f l o w  y e a r  round  and  t o  b e  u s e d  f o r  d r i n k i n g  w a t e r .  
The c r e e k  f l o w e d  11.,008 lpm a t  2 . 1 ' ~  on  27 J u l y  1 9 8 1  a t  t h e  r o a d  
c r o s s i n g .  The h e a d w a t e r  s p r i n g s  f l o w e d  a  t o t a l  o f  710 lpm a t  
1 . 2 O ~  o n  t h e  same d a t e .  N e i t h e r  t h e  c r e e k  n o r  t h e  s p r i n g s  h a v e  
b e e n  a n a l y z e d  f o r  w a t e r  q u a l i t y .  However,  s p r i n g s  a t  s i t e s  1 2 3  
and  1 2 4  w h i c h  a r e  l o c a t e d  i n  t h e  same u p l a n d  g e o l o g i c  s t r u c t u r e  
c l o s e r  t o  Ruby,  a p p e a r  ( f r o m  PHS r e c o r d s )  t o  h a v e  good w a t e r  
q u a l i t y .  M i d n i g h t  C r e e k  S p r i n g s  a r e  a c c e s s i b l e  b y  a  good r o a d  
d u r i n g  t h e  s u m m e r  m o n t h s .  The c l o s e s t  a i r s t r i p  is l o c a t e d  a t  
Long,  a p p r o x i m a t e l y  1 0  km n o r t h  o f  t h e  s p r i n g s .  

* M e l o z i  Hot  S p r i n g  a n d  P e l o z i  Hot  S p r i n g  C r e e k  ( S i t e s  1 3 8 - 1 3 1 ) .  
M e l o z i  Hot S p r i n g  is  a p p r o x i m a t e l y  48 km n o r t h e a s t  o f  Ruby b y  
a i r  a n d  h a s  a  p r i v a t e l y  owned,  366-m b y  8-rn d i r t  a i r s t r i p .  The 
a i r s t r i p  was i n  p o o r  c o n d i t i o n  i n  A p r i l  1 9 8 1 .  The mouth  o f  
M e l o z i  Hot S p r i n g  C r e e k  w h i c h  is a p p r o x i m a t e l y  1 6  km b e l o w  t h e  
h o t  s g r i n g  is  a c c e s s i b l e  b y  b o a t .  The  h o t  s p r i n g  f l o w s  492 lpm 
a t  56  C .  On 29 J u l y  1 9 8 8  6 , 3 0 0  chum s a l m o n  and 11 k i n g  s a l m o n  
w e r e  o b s e r v e d  s p a w n i n g  i n  M e l o z i  Hot S p r i n g  C r e e k  b e t w e e n  i t s  
mouth  a n d  t h e  h o t  s p r i n g .  

G a l e n a  ( S i t e s  1 4 1 - 1 4 3 ) .  The c i t y ' s  two w e l l s  e a c h  p r o d u c e  o n l y  
9 5  a n d  98  lpm,  and  t h e  i r o n  ( 3 2  t o  34 ppm) and m a n g a n e s e  (m,fl5 t o  
1 . 5  ppm) c o n c e n t r a t i o n s  e x c e e d  recommended maximum v a l u e s .  No 
s p r i n g s  a r e  known n e a r  G a l e n a .  

N u l a t o  ( S i t e s  1 4 4 - 1 4 8 ) .  The v i l l a g e  w e l l  p r o d u c e s  o n l y  38 lpm 
a n d  t h e  i r o n  ( 0 . 1 5  t o  Br.6 ppm) , manganese  (0 .37  ppm) and m a g n e s i -  
um ( 3 8  ppm) c o n c e n t r a t i o n s  e x c e e d  recommended maximum v a l u e s ,  
The N u l a t o  R i v e r  h a s  a l a r g e  chum s a l m o n  r u n  and t h u s  p r o b a b l y  
h a s  good w a t e r  q u a l i t y .  The N u l a t o  R i v e r  is a c c e s s i b l e  b y  r o a d .  
No s p r i n g s  a r e  known n e a r  N u l a t o .  

K a l t a g  ( S i t e s  1 4 9 - 1 5 3 ) .  The v i l l a g e  w e l l  p r o d u c e s  o n l y  28 lpm,  
a n d e  i r o n  ( 2 2  ppm) and  m a n g a n e s e  ( 0 . 4  t o  0 .85  ppm) c o n c e n t r a -  
t i o n s  e x c e e d  recommended v a l u e s .  Two s p r i n g s  a r e  l o c a t e d  on  t h e  
K a l t a g  R i v e r .  One h a d  a n  e s t i m a t e d  f l o w  o f  1 6 0  t o  380 lpm. A 
c h e m i c a l  a n a l y s i s  o f  t h e  o t h e r  r e v e a l e d  no m e t a l  c o n c e n t r a t i o n s  
e x c e e d i n g  recommended maximum v a l u e s ,  However,  4  km o f  new r o a d  
would  b e  r e q u i r e d  t o  p r o v i d e  a c c e s s  t o  t h i s  s p r i n g .  A l t h o u g h  
w a t e r  q u a l i t y  i n  t h e  K a l t a g  R i v e r  a p p e a r s  t o  m e e t  s t a t e  a q u a -  
c u l t u r e  w a t e r  q u a l i t y  s t a n d a r d s ,  a  s i t e  o n  t h i s  r i v e r  would 
r e q u i r e  a b o u t  1 km o f  new r o a d .  

G r a y l i n g  ( S i t e s  1 5 4 - 1 5 6 ) .  The v i l l a g e  w e l l  p r o d u c e s  o n l y  1 1 0  lpm 
a n d  t h e  i r o n  c o n c e n t r a t i o n  ( 0 . 2  ppm) e x c e e d s  t h e  recommended 
maximum v a l u e .  Hydrogen s u l f i d e - i s  p r e s e n t  i n  some p r i v a t e  
w e l l s .  G r a y l i n g  C r e e k  i s  a c c e s s i b l e  b y  r o a d  and  f l o w e d  589,8flP 
lpm o n  1 7  O c t o b e r  198Br. However,  i t s  i r o n  c o n c e n t r a t i o n  ( f l .56 
ppm) e x c e e d s  t h e  recommended maximum v a l u e s .  No s p r i n g s  a r e  
known n e a r  G r a y l i n g .  



Anvik  ( S i t e s  1 5 7 - 1 6 5 ) .  The v i l l a g e  w e l l  p r o d u c e s  o n l y  4 t o  1 1 0  
lpm,  a n d  t h e  i r o n  ( 0 . 1  t o  1 9  ppm) , manganese  ( P . 1  ppm) , magnesium 
( 1 6  t o  2 1  pprn), and  n i t r a t e  ( 2 . 1  ppm) c o n c e n t r a t i o n s  e x c e e d  
recommended maximum v a l u e s .  I r o n  b a c t e r i a  and h y d r o g e n  s u l f i d e  
a r e  a l s o  p r e s e n t .  W a t e r  q u a l i t y  i n  t h e  Anvik  R i v e r  a p p e a r s  good  
b e c a u s e  i t  h a s  a  l a r g e  w i l d  chum s a l m o n  p o p u l a t i o n .  However,  a  
s i t e  o n  t h e  Anvik  R i v e r  would r e q u i r e  a b o u t  4 km o f  new r o 8 d  a n d  
a  means  f o r  h e a t i n g  t h e  w a t e r .  No s p r i n g s  a r e  known n e a r  Anvik .  

* H o l y  C r o s s  S p r i n g  ( S i t e  1 6 7 ;  F i g s .  7  a n d  8 ) .  L o c a t e d  i n  a  s m a l l  
r a v i n e  a t  t h e  end  o f  a  r o a d  1 . 6  km s o u t h  o f  H o l y  C r o s s ,  t h i s  
s p r i n g  was  f o r m e r l y  u s e d  f o r  t h e  v i l l a g e  wate;  s u p p l y .  On 1 6  
O c t o b e r  1 9 8 0  t h e  s p r i n g  f l o w g d  430  lpm a t  2.2 C and on  8  A p r i l  
1 9 8 1  i t  f l o w e d  7 1  lpm a t  1.6 C .  The w a t e r  q u a l i t y  o f  t h i s  s p r i n g  
a p p e a r s  t o  m e e t  s t a t e  a q u a c u l t u r e  w a t e r  q u a l i t y  s t a n d a r d s  e x c e p t  
t h a t  t h e  i r o n  c o n c e n t r a t i o n  (0 .116  ppm) s l i g h t l y  e x c e e d s  t h e  
recommended maximum v a l u e .  

*Holy  C r o s s  p u b l i c  H e a l t h  S e r v i c e  W e l l  ( S i t e  1 7 0 ) .  T h i s  w e l l  
p r o d u c e s  o n l g  90  l p m  b u t  t h e  w a t e r  t e m p e r a t u r e  i s  r e l a t i v e l y  warm 
(2 .4  t o  2.9 C )  . T o t a l  i r o n  c o n c e n t r a t i o n  ( G 1  t o  fl.37 ppm) h a s  
f l u c t u a t e d  and  may o c c a s s i o n a l l y  e x c e e d  t h e  recommended maximum 
v a l u e .  H o l y  C r o s s  h a s  a  1036-m b y  15-m g r a v e l  a i r s t r i p ,  
s c h e d u l e d  a i r  s e r v i c e  and b a r g e  s e r v i c e .  

*Unnamed C r e e k  n e a r  D o g f i s h  V i l l a g e  ( S i t e  1 7 2 ;  F i g .  9 ) .  T h i s  
creek f l o w s  i n t o  T u c k e r s  S l o u g h  1 . 4  km a b o v e  i t s  c o n f l u e n c e  w i t h  
t h e  Yukon R i v e r  n e a r  D o g f i s h  V i l l a g e .  O b s e r v e d  f r o m  t h e  a i r  o n  8 
A p r i l  1 9 8 1 ,  t h e  c r e e k  a p p e a r e d  90% o p e n ,  a b o u t  3  m w i d e  and  a t  
l e a s t  30 c m  d e e p .  S m a l l  c u r r e n t  r i p p l e s  were o b s e r v e d .  The 
e s t i m a t e d  minimum f l o w  a t  i t s  mouth  was  1 , 5 0 0  lpm. The c r e e k  i s  
a c c e s s i b l e  b y  b o a t  f r o m  R u s s i a n  M i s s i o n ,  l o c a t e d  3fl km d o w n r i v e r .  

* R u s s i a n  M i s s i o n  P u b l i c  H e a l t h  S e r v i c e  W e l l  ( S i t e  1 7 6 ) .  I r o n  
( 0 . 3  ppm) , m a n g a n e s e  ( 0 . 0 2  ppm) , and n i t r a t e  ( I  .6 t o  1 5  ppm) c o n  
c e n t r a t i o n s  o f  w e l l  w a t e r  a t  t h i s  s i t e  e x c e e d  t h e  gecommended 
maximum v a l u e s .  W a t e r  t e m p e r a t u r e  r a n g e d  f rom 6 . 1  c on  1 5  ~ c t o -  
b e r  1 9 8 0  t o  3 . 6 ' ~  o n  8  A p r i l  1 9 8 1 .  The w a t e r  t e m p e r a t u r e  a t  
a n o t h e r  w e l l ,  now a b a n d o n e d ,  was 3 . 3 ' ~  o n  2  J u n e  1968 .  The w e l l  
d e l i v e r e d  227 lpm on  1 5  O c t o b e r  1 9 8 8  and  1 0 9  lpm o n  8  A p r i l  1 9 8 1 .  
P u b l i c  H e a l t h  S e r v i c e  s o i l  t e s t  a n a l y s i s  s u g g e s t s  t h a t  t h e  Rus- 
s i a n  M i s s i o n  a q u i f e r  i s  c a p a b l e  o f  s u p p l y i n g  l a r g e r  q u a n t i t i e s  o f  
w a t e r .  R u s s i a n  M i s s i o n  h a s  s c h e d u l e d  a i r  s e r v i c e  and  a  457 m b y  
1 8  m g r a v e l  and d i r t  a i r s t r i p .  A i r  s e r v i c e  is f r e q u e n t l y  i n t e r -  
r u p t e d  b y  w i n d s  i n  f a l l  a n d  w i n t e r  and  b y  f l o o d i n g  i n  s p r i n g .  
Y u t a n a  B a r g e  L i n e s  p r o v i d e s  l o c a l  s e r v i c e .  

* M a r s h a l l  A i r p o r t  S p r i n g  ( S i t e  1 8 5 ;  F i g s .  1 0  and 11). T h i s  
s p r i n g  is  90  m w e s t  o f  t h e  M a r s h a l l  a i r p o r t  a n d  1 5  m s o u t h  o f  t h e  
a i r p o r t  a c c e s s  r o a d .  I t s  e l e v a t i o n  is 1 5  m a b o v e  t h e  Yukon F i v e r  
h i g h  w a t e r  mark .  W a t e r  f l o w  was 1 8 9 ,  28 .2 ,  a n d  1 4 . 4  lpm o n  1 5  
O c t o b e r  1 9 8 0 ,  11 March 1 9 8 1  and  8  Apr i l .  1 9 8 1 ,  r e s p e c t i v e l y .  
W a t e r  q u a l i t y  o f  t h i s  s p r i n g  a p p e a r s  t o  meet recommended v a l u e s ,  



e x c e p t  t h a t  t h e  m a n g a n e s e  ( 0 . 8 1 2  ppm) and n i c k e l  (0 .022  ppm) con-  
c e n t r a t i o n s  s l i g h t l y  e x c e e d  recommended maximum v a l u e s .  Tempera-  
ture  r a n g e d  f r o m  1 . 8  to 1 .1 '~  d u r i n g  t h e  a b o v e  s a m p l i n g  p e r i o d .  

M a r s h a l l  h a s  a  427-m by 23-m g r a v e l  a i r s t r i p  and  s c h e d u l e d  a i r  
s e r v i c e  f r o m  B e t h e l  and  S t .  M a r y ' s .  The a i r s t r i p  is s u b j e c t  t o  
s e v e r e  t u r b u l e n c e .  A new 914-m a i r s t r i p  was s c h e d u l e d  f o r  con-  
s t r u c t i o n  i n  t h e  Summer o f  1 9 8 1 .  B a r g e  S e r v i c e  i s  p r o v i d e d  b y  
B l a c k  B a r g e  L i n e s  a t  S t .  M i c h a e l ' s  and  Y u t a n a  R a r g e  L i n e s  a t  
Nenana.  

P i l o t  S t a t i o n  ( S i t e s  1 8 9 - 1 9 0 ) .  Ground w a t e r  a v a i l a b i l i t y  is l o w  
( 9 5  t o  1 1 0  lpm p e r  w e l l ) ,  a n d  i t s  i r o n  (0 .14  ppm) and  m e r c u r y  
(0 .0026  ppm) c o n c e n t r a t i o n s  s l i g h t l y  e x c e e d  recommended maximum 
v a l u e s .  No s p r i n g s  a r e  known n e a r  P i l o t  S t a t i o n .  

P i t k a s  P o i n t  ( S i t e  1 9 1 ) .  Ground w a t e r  a v a i l a b i l i t y  i s  unknown, 
b u t  i r o n  ( 0 . 3 9  ppm) a n d  m a n g a n e s e  (2 .7  ppm) c o n c e n t r a t i o n s  e x c e e d  
recommended maximum v a l u e s .  No s p r i n g s  a r e  known n e a r  P i t k a s  
P o i n t .  

* S t .  V a r y ' s  M i s s i o n  W e l l  ( S i t e  1 9 3 ) .  T h i s  37-m d e e p  w e l l  i s  
l o c a t e d  o n  a  h i l l s i d e  30 m f r o m  S t .  M a r y ' s  M i s s i o n  S c h o o l .  The 
w e l l  i s  c u r r e n t l y  u n u s e d  b u t  p r e v i o u s l y  p r o d u c e d  6 t o  8  lpm. 
h l a t e r  q u a l i t y  r e c o r d s  a r e  n o t  a v a i l a b l e  b u t  t h e  w a t e r ' s  t a s t e  was 
r e p o r t e d  a s  e x c e l l e n t .  

S t  M a r y ' s  h a s  s c h e d u l e d  j e t  a i r  s e r v i c e  f r o m  A n c h o r a g e .  R a r g e  
S e r v i c e  i s  p r o v i d e d  b y  B l a c k  B a r g e  L i n e s  a t  S t .  M i c h a e l ' s .  

* A l s t r o m  S l o u g h  C r e e k  ( S i t e  1 9 4 ;  F i g .  1 2 ) .  T h i s  c r e e k  u n d e r -  
p a s s e s  t h e  S t .  M a r y ' s  a i r p o r t  r o a d .  A P u b l i c  H e a l t h  s e r v i c e  
i n f i l t r a t i o n  g a l l e r y  a t  t h i s  s i t e  s u p p l i e s  189,R80 l i t e r s  o f  
w a t e r  p e r  d a y  (13R lpm) t o  t ge  v i l l a g e  t h r o u g h o u t  t h e  y e a r .  The  
c r e e k  f l o w e d  14,f lPB lpm a t  R C o n  1 0  November 1 9 8 0 .  On 9  A p r i l  
1 9 8 1  0 ' ~  w a t e r  6  c m  d e e p  and  a b o u t  50 cm w i d e  was f o u n d  b e l o w  
46 c m  o f  i ce .  A w a t e r  f l o w  o f  29P lpm was e s t i m a t e d .  I r o n  (R.3 
ppm) and  c h l o r i d e  ( 6  ppm) c o n c e n t r a t i o n s  e x c e e d  recommended 
maximum v a l u e s .  

M o u n t a i n  V i l l a g e  ( S i t e s  210-217) .  Ground w a t e r  a v a i l a b i l i t y  i s  
v a r i a b l e  (19  t o  1 1 8  lpm p e r  w e l l ) ,  and i t s  i r o n  (P .2  t o  5.m pprn), 
m a n g a n e s e  ( 0 . 0 3  t o  R.87 pprn),  a n d  l e a d  ( 0 . 1 5  ppm) c o n c e n t r a t i o n s  
e x c e e d  recommended maximum v a l u e s .  A s p r i n g  is  l o c a t e d  200 m 
w e s t  o f  t h e  v i l l a g e .  We e s t i m a t e d  t h a t  t h e  f l o w  was 28 lpm o n  
11 November 1 9 8 8 .  L o c a l  r e s i d e n t s  r e p o r t e d  t h a t  a s e c o n d  s p r i n g  
was l o c a t e d  n e a r  t h e  u n f i n i s h e d  Lower Yukon/Kuskokwim A q u a c u l t u r e  
A s s o c i a t i o n  H a t c h e r y .  W e  l o o k e d  f o r  t h i s  s p r i n g  o n  8  A p r i l  198D 
b u t  f a i l e d  t o  f i n d  i t .  

A l a k a n u k  ( S i t e  2 1 8 - 2 1 9 ) .  F r e s h  g r o u n d  w a t e r  i s  u n a v a i l a b l e .  
T h r e e  d r i l l i n g  a t t e m p t s  b y  t h e  B u r e a u  o f  ~ n d i a n  A f f a i r s  and  t h e  
P u b l i c  H e a l t h  S e r v i c e  a l l  p r o d u c e d  s a l t  w a t e r .  No s p r i n g s  a r e  
known n e a r  A l a k a n u k .  
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Figure 3. Upstream view of 
\ -  - .. 

the Dietrich River (Site 1) 
at P/L WP 188.75, 14 April 
1981. 

Figure 4. Downstream view of the spring along 
the Dietrich River at P/L MP 190, 14 ~ p r i l  1981. 



F i g u r e  5. View o f  t h e  p r i n c i p a l  
s p r i n g  a t  H o r n e r  Hot S p r i n g s  ( S i t e  
1 1 5 ) ,  29 S e p t e m b e r  1 9 8 0 .  

HOT 

F i g u r e  6 .  Ups t ream v i e w  o f  H o r n e r  Hot S p r i n g s  C r e e k  
( S i t e  1 1 6 )  and  t h e  o u t f a l l  o f  t h e  p r i n c i p a l  h o t  s p r i n g  
( S i t e  1 1 5 ) ,  29 S e p t e m b e r  1 9 8 0 .  



F i g u r e  7 .  V i e w  o f  H o l y  C r o s s  
S p r i n g  ( S i t e  1 6 7 ) ,  16 O c t o b e r  
1 9 8 6 .  

OUTLET CREEK 3 
P- - ; r p x n - e  -, d, 

SPRING CONTAINMENT BOX 1;11 

F i g u r e  8 .  A e r i a l  v i e w  o f  H o l y  C r o s s  S p r i n g  
( S i t e  1 6 7 ) ,  11 March  1 9 8 1 .  



F i g u r e  9 .  A e r i a l  v i e w  o f  S i t e  1 7 2 ,  a n  unnamed 
c r e e k  f l o w i n g  i n t o  T u c k e r s  S l o u g h ,  8 A p r i l  1981 .  
O b s e r v a t i o n  p o i n t  1 km u p s t r e a m  f rom mouth .  

F i g u r e  1 0 .  A e r i a l  v i e w  o f  M a r s h a l l  A i r p o r t  
S p r i n g  ( S i t e  1 8 5 ) ,  11 March 1981 .  



F i g u r e  11. Downstream v i e w  o f  M a r s h a l l  
A i r p o r t  S p r i n g  ( S i t e  1 8 5 )  o u t l e t  c r e e k  
a p p r o x i m a t e l y  2 m b e l o w  t h e  s o u r c e .  1 6  
O c t o b e r  1 9 8 0 .  

F i g u r e  1 2 .  A e r i a l  v i e w  o f  
A l s t r o m  S l o u g h  C r e e k  ( S i t e  
1 9 4 ) ,  8 A p r i l  1 9 8 1 .  



Emmonak. Availability of fresh ground water is unknown. The 
village uses treated river water. No springs are known near 
Emmonak. 

Kotlik (Site 221). Availability of fresh ground water is un- 
known. No springs are known near ~otlik. The ~astolik River, 
approximately 25 km east of Kotlik, may be spring-fed, but we 
were unable to verify this. 

Local Opinions Concerning Salmon Enhancement 

A summary of comments on salmon enhancement in the LYR is given 
below by village. 

Allakaket. The Allakaket Village Council (1981) favored salmon 
enhancement and has contacted FRED in the past regarding a 
village-run chum salmon fry release program to increase sub- 
sistence harvests. After learning about our hatchery site 
investigation, the Council expressed an interest in a state-run 
program to enhance the wild salmon stocks in the area. The 
Council recommended that the fall chum salmon run, which spawns 
in the South Fork (Koyukuk River) below the mouth of the ~ i m  
River, be enhanced through spawning channel construction, stream- 
side incubators or egg plants. The fall run of chum salmon is 
considered to have a better quality than the summer run. 

The Village Council was not opposed in principle to a commercial 
fishery but felt that there were not enough salmon to support 
even the subsistence fishery. In addition, they considered the 
quality of the salmon to be marginal by the time they reached 
Allakaket. 

The Council was concerned about possible management, disease and 
genetic problems associated with a salmon hatchery on the Koyukuk 
River. Before the Village Council makes any commitment regarding 
salmon hatchery development in their area, it would prefer to 
observe developments at the Sikusuilaq Hatchery on the Noatak 
River, especially after full production is achieved and the im- 
pact of the hatchery on the wild chum salmon stocks can be evalu- 
ated. 

Because of a perceived shortage of subsistence fish and a concern 
that subsistence hunting will some day be restricted, the Council 
was interested in developing new food sources. The Council sug- 
gested that FRED Division consider a white fish stocking program 
in the Alatna River and nearby lakes to provide a winter fishery. 

Hughes. We were unable to visit Hughes or obtain local comments 
regarding salmon enhancement in the Hughes area. However, we 
heard from others in Huslia and Galena ( A 1  Yatlin, personal 
communication; Carol Huntington, personal communication), that 
Hughes residents were concerned about the lack of sheefish in the 
Koyukuk River and had expressed an interest in a state-run shee- 



fish enhancement program. (Some Hughes residents attributed the 
poor 1988 sheefish catches to a FRED Division egg take, This was 
unlikely since only 12 fish were taken). 

Huslia. Villagers felt that the existing chum and chinook salmon 
fishery was not large enough to support subsistence needs (A1 
Yatlin, personal communication). They also felt that the quality 
of salmon reaching Huslia was poor. They were interested in sal- 
mon enhancement provided that (a) the salmon fishery continues to 
be managed as a subsistence fishery until run size is adequate 
for both subsistence and commercial use, (b) all potential dis- 
ease, genetic and management problems are resolved, (c) hatchery 
produced salmon have acceptable flesh quality, and ( d )  hatchery 
production will not damage the existing wild salmon stocks, 

The villagers might be more interested in the enhancement of 
whitefish than salmon, partly because of the above salmon prob- 
lems and partly because whitefish were traditionally an important 
food source (A1 Yatlin, personal communication). Several nearby 
lakes1 were once used for winter whitefish fisheries. why these 
lakes are no longer productive is not known, but overfishing and 
natural eutrophication are two possible causes. 

Tanana, Steve Schwab, the city manager, felt that the local 
residents would favor hatchery development because they feel it 
would increase the village's economic base. He is trying to 
promote a regional approach to hatchery development with other 
villages (including Kaltag, Galena, Ruby and Eagle). To avoid 
regional struggles for the location of a facility, he would 
prefer to see it located near Eagle, or at least above the major 
villages, so that the hatchery's benefits could be shared by 
everyone. 

Two people expressed an interest in developing a whitefish incu- 
bation and rearing facility (Fred Jordan and Pat Moore, personal 
communications). For release sites they suggested Fish Lakes, 
Twin Lakes, Hays Slough and several deep lakes near Palisades. 

Ruby. The village favored hatchery development, especially if 
the site is located upriver from Ruby (Don Honea, personal 
communication). The village corporation would negotiate a land 
deal if a suitable site were found and if the Legislature 
provided the money. 

1. Five lakes were suggested: Long Lake, Whitefish Lake, an un- 
named lake sometimes called Whitefish Lake located approximately 
4.8 km S.S.E. of Crow Lake, and two small lakes directly west of 
Grass Lake (which has apparently filled in). In the past, Long 
Lake was heavily fished. 



Galena. Galena commercial fishermen are interested in hatchery 
development, primarily to enhance chinook and fall chum salmon 
(John Stam, personal communication). 

Nulato. Twelve residents including the mayor, Fred Stickman, 
Jr., met with one of us (R. M.) to discuss salmon enhancement. 
Most of those present were in favor of hatchery development, but 
they were uncertain whether suitable locations were nearby. 

K a l t a g .  Fourteen residents including the mayor, many of whom 
were village council members, met with one of us R M.) to 
discuss salmon enhancement. They expressed an interest in having 
a hatchery built to maintain the presently high commercial and 
subsistence harvest levels for chinook and fall chum salmon. 
They felt that the existing summer chum salmon run did not need 
enhancement, 

However, before endorsing hatchery development, they wanted 
assurance that ( a )  hatchery stocks would not adversely effect the 
management of existing runs, (b) hatchery fish would have'the 
same flesh and oil quality as natural stocks, (c) local hire 
would be used if a hatchery were to be built near their village, 
and (d) if they eventually developed a reliance on a government- 
run hatchery, the government would not slowly take away their 
subsistence fishing privileges. 

Grayling. Several residents expressed an interest in salmon 
enhancement, especially at a location upriver from  rayl ling. 
However, before they would support a hatchery in their region, 
they wanted assurance that hatchery fish would have the same 
quality as wild fish, 

Anvik. If a hatchery were built, residents would like to see it 
produce chinook salmon (Calvin Chase, personal communication). 
However, several villagers were concerned with possible adverse 
effects that a local hatchery might have on the ~ n v i k  River wild 
salmon stocks. 

Holy Cross. All questions were referred to the mayor who was not 
available. 

Russian Mission. Each of seven residents contacted expressed an 
interest in hatchery development, They were most interested in 
increasing the chinook salmon run but were also interested in 
enhancing the summer chum salmon run if their quality would be 
good. 

Marshall. Village fishermen felt that the existing chinook 
salmon catch was inadequate and would like to see the king salmon 
run enhanced (Dave Cooper, personal communication). They felt 
that the summer chum salmon catch was adequate. 



v . Each of eight residents contacted indicated that the 
age favors expanding the commercial fishery, especially the 

chinook salmon fishery. A few were concerned about possible 
adverse effects a local hatchery might have on the wild salmon in 
the Andreafsky River. 

The mayor indicated that village fishermen would prefer the 
enhancement of chinook or possibly sockeye salmon over chum 
salmon. The mayor also felt that hatcheries in the LYR may help 
prevent a perceived subsistence fish shortage if the subsistence 
preference law is repealed (Tim Troll, personal communication), 

Mountain Village, Each of five residents contacted indicated 
that the village would favor salmon enhancement if the facility 
were located upriver from Mountain Village. Chinook and coho 
salmon were the preferred species. Two of those residents con- 
tacted wanted to see an uncompleted hatchery, built in Mountain 
Village by the Lower Yukon/Kuskokwim Regional Aquaculture Associ- 
ation, become operational. 

Emmonak. A fish processor (Bodey 198fl) and fishery management 
biologist (Geiger 1980), both working in Emmonak, saw little 
promise for a hatchery in the Yukon River Delta. 

Kotlik. Of the nine residents contacted, none expressed a strong 
opinion either for or against hatchery development. Two resi- 
dents stated that if a hatchery were built, they would prefer to 
see it produce chinook salmon since the price of chum salmon is 
lower and is expected to drop further. 



Hatcherv Site Observations. 

Chum salmon appear to be the salmon species best suited for 
enhancement in the LYR because they require only short-term 
rearing. The Yukon River has two runs of chum salmon, a summer 
run and a fall run. Yukon and Koyukuk River fishermen generally 
prefer the fall run because they consider its quality better. 
From an enhancement point of view, the fall run is also the 
better run to work with because it has an incubation period 
approximately 3 months shorter than that of the summer run. 

Chinook and coho salmon are also important in the LYR, but 
because of their long rearing requirements (one year for chinook 
salmon and two years for coho salmon), these species appear to be 
unsuited for production at a remote facility. Chinook salmon may 
have some potential, however, in cases where only surface water 
is available (see below). 

Four recurring problems were found to confront hatchery develop- 
ment in the LYR. 

1. Low water temperatures. Surface water temperature remain 
near from October to April and thus cannot be used for chum 
salmon incubation or rearing without heating. Existing chum 
salmon spawning grounds are located in slightly warmer spring 
areas and these areas are generally inaccessible. 

2. Poor aquifers. Permafrost, soil structure, and the slow 
recharging of aquifers in winter limit the amount of water that 
can be drawn from wells and springs to 15g lpm or less. Water 
flows generally reached their minimum in March and April when the 
water requirements of a hatchery begin to increase. 

3. Poor water quality. Ground water in the LYR is characterized 
by high iron content (typically 0.3 to 15 ppm), high manganese 
content (0.05 to 1.5 ppm) and high alkalinity (20@ to 5flP ppm 
CaCO ) . 
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4. Poor access. Most of the LYR is remote. Only the villages 
and sites along the Haul Road are accessible year-round. How- 
ever, most of the airstrips are short and lack navigational 
aides. Sites on the major rivers and the few other roads that 
are in the region are accessible in the summer only. 

Many considerations are involved in hatchery site selection 
besides water and access, such as impact on existing fisheries 
(see below), land status and gravel availability. However, our 
investigation concentrated on satisfying the water and access 
criteria since they were viewed as the most severe. Fifteen of 
the 215 sites investigated that came closest to satisfying these 
criteria were selected as sites worthy of further consideration. 



Although these sites were the most promising ones that we found, 
their water supplies and accessibility are still far from ideal. 

Water flows and temperatures for these sites are given in 
Table 4. Table 4 also estimates the fall chum salmon egg capaci- 
ties that the water supplies at each site might support in a 
single-pass hatchery (a hatchery in which the water is used only 
once). The egg capacities were based on calculations appearing 
in Appendix A. Information on access and gravel availability at 
these sites is given in Appendix Table 5. 

Of the 15 potential sites, only three (Horner Hot Springs, Melozi 
Hot Springs and a spring-fed tributary of the Dietrich River) 
were found that could support a single-pass hatchery with a capa- 
city of more than 1 million eggs. However, each has its draw- 
backs. The water quality at Horner Hot Springs (site 115) has 
not been carefully examined and the nearest airstrip is at Ruby, 
37 km away. Water availability is limited and would restrict a 
single-pass hatchery to 3 million eggs. Melozi Hot Springs 
(site 130) has enough water to incubate about 20 million eggs in 
a single-pass hatchery. However, Melozi Hot Springs Creek is one 
of the major chum salmon spawning tributaries of the Melozi River 
and potential conflicts may develop. Also, Melozi Hot springs is 
not accessible by barge from the Yukon River. The Dietrich River 
spring (site 4) has not been observed long enough to determine 
its reliability. Water availability is limited and would 
restrict a single-pass hatchery to 1.5 million eggs. This site 
would provide salmon only in the Koyukuk River and in the Yukon 
River below the mouth of the Koyukuk. 

If a hatchery is to be built in the LYR it would be better to 
locate it at or near a village since this would greatly reduce 
construction and operational costs. However, the water sources 
available st most villages are limited. For this reason a sepa- 
rate study was begun (Raymond 1981) to evaluate the feasibility 
of incubating salmon eggs with recirculating water. ~dditional 
testing of recirculation is needed, but it is expected that a 
small-scale hatchery could be operated for educational or experi- 
mental purposes in many of the villages investigated. A water 
source of only lfl lpm may be capable of incubating more than 
1 million eggs. Table 4 shows the potential egg capacities at 
most of the fifteen most promising sites if recirculation is 
used. These figures are based on using 95% recirculated water 
and 5% new water (5% make-up). As shown in Table 4, most sites 
are capable of incubating several million eggs if recirculation 
is used. 

We may have overlooked additional sites in remote parts of the 
Yukon drainage, but because of their remoteness, these sites 
would probably be uneconomical to develop. If a search for hat- 
chery water supplies in the LYR is to continue, perhaps a more 
fruitful place to look is the sub-permafrost layer at one or more 
of the Yukon River villages where more abundant and better quali- 



Table 4. Minimum water flows and temperatures, and fall chum 
salmon egg capacities of sites in the Lower Yukon River region 
having the most potential for hatchery development. Egg capaci- 
ties are given for a single-pass hatchery (S.P.) in which none of 
the water is recirculated and a recirculating hatchery (~ecirc.) 
in which 95% of the water is recirculated. Egg capacities are 
calculated in Appendix A. 

Egg Capacity 
Flow Temp. (millions) 

Name (site # )  ( ~ p m )  (OC) S.P. Recirc. 

Dietrich River (1) 
Spring near Dietrich R. (4) 
Jim River Bridge #3 (23) 
Clear & Caribou Cks (54, 55) 
Horner Hot Spring (115) 
Ruby PHS well (120) 
Midnight Creek Spring (128) 
Melozi Hot Spring (130) 
Holy Cross Spring (167) 
Holy Cross PHs well (170) 
Unnamed Crk. near (172) 

Dogfish Village 
Russian Mission (176) 

PHs well 
Marshall ~irport spring (185) 
St. Mary's Mission well (193) 
Alstrom Slough Creek (194) 



ty water may be available. Most of the existing wells in these 
villages are under 70 m in depth. A 17@ m deep experimental well 
in Bethel obtained water with a much lower iron concentration 
than that found in water fromoshallower wells. This well has 
been producing 5 7 @  lpm at 8.6 C (Hal Rorrego, personal communica- 
tion) . 
Although the preceding discussion pertained primarily to chum 
salmon, chinook salmon might be considered for enhancement in 
certain cases. Chinook salmon, unlike the other species, do not 
appear to require springs to successfully spawn. chinook salmon 
eggs and alevins appear to compensate for the colder winter 
temperatures by remaining in the gravel for a longer period (from 
about mid-July to early June). Thus in areas having only surface 
water, a chinook salmon hatchery might be possible. As was 
mentioned previously, it is probably uneconomical to keep chinook 
salmon fry for a full year in a remote facility. However, one 
might avoid a large part of the rearing and holding costs by 
releasing the chinook salmon as fingerlings in the fall before 
freeze-up. Salmon fingerlings do not feed actively at low 
temperatures and so the hatchery fingerlings would probably not 
compete strongly with wild salmon fingerlings during the 
following winter. It should be noted, however, that surface 
waters are more likely to contain pathogens and silt than well 
water or springs, and for this reason are avoided when possible 
by fish culturists. 



Local Opinions Concerning Salmon Enhancement 

In recent years salmon harvests in the LYR have been relatively 
high. Consequently, not many requests have been received by FRED 
Division to look into salmon enhancement. This may be partly 
because many fishermen in the region are not familiar with hat- 
cheries. However, their awareness of hatcheries is increasing. 
Also, there is an increasing demand by niddle and upper Yukon 
River fishermen for expanding the commercial fisheries in their 
areas. Although these fishermen primarily want a greater alloca- 
tion of the Yukon River's wild salmon stocks (at the expense of 
the Lower Yukon River fishery), it is possible that they will 
look to hatcheries as a solution to their problem. 

Although we did not find a "grass roots" movement for salmon en- 
hancement in the LYR, when fishermen were asked about salmon en- 
hancement, most expressed an interest in it. Opinions varied 
from village to village on the species that most needed enhance- 
ment. Below Anvik, fishermen most often expressed an interest in 
enhancing the chinook salmon run. On the Yukon River above ~ n v i k  
fishermen were mostly interested in enhancing the fall chum and 
chinook salmon runs. On the Koyukuk River, fishermen were most 
interested in fall chum salmon and whitefish. 

Although most fishermen appeared to approve of hatchery-produced 
fish, many subsistence fishermen living in upriver locations 
tended to favor rehabilitation of existing runs without using 
hatcheries. This is partly the result of their concern that the 
quality of hatchery-produced fish may not be as high as that of 
wild fish. (Although the muscle tone of hatchery and wild salmon 
fry probably differ, we are unaware of any differences in the 
adults). Subsistence fishermen may also be uncomfortable with 
the concept of subsisting on fish that aren't naturally produced. 

Some fishermen in upriver villages were concerned that an expan- 
sion of the commercial fishery caused by a salmon enhancement 
program might increase their dependence on a cash economy. This, 
they fear, might lead certain government agencies that are oppos- 
ed to subsistence to reduce their subsistence hunting and fishing 
priviledges. Although this possibility can't be ruled out, we 
suspect that a hatchery would do more to strengthen the subsis- 
tence fishery than to weaken it. 

If a production-scale hatchery is to be built, most LYR fishermen 
wanted it to be located upriver from their village. This pro- 
vides an opportunity to consider sites upriver from the region 
studied. Two sites that have excellent water and access and that 
would easily support production goals are the existing Clear Hat- 
chery at Clear Air Force Station and the mouth of the Delta River 
near Delta Junction. However, problems arising from interactions 
between hatchery and wild stocks would have to be resolved before 
these sites could be seriously considered. 



General Considerations Concerning Salmon Enhancement in the Lower 
Yukon River Reaion 

Impacts on Existing Fisheries. We did not investigate potential 
impacts of a hatchery on wild salmon stocks in the LYR because we 
felt that the impacts would depend entirely on the site and type 
of enhancement chosen. However, the general concerns can be des- 
cribed. The potentially most serious impact is overfishing. The 
optimum harvest for hatchery-produced salmon can be 9fl% or more 
of the run. Wild stocks, however, generally can't withstand har- 
vests averaging more than 60% (the optimum harvest varies from 
year to year depending on the strength of the run), Thus, the 
possibility of overharvesting the wild stocks exists in those 
parts of the river where the hatchery and wild stocks are mixed, 

Hatchery-produced salmon fry will also compete with, and in some 
cases prey on, wild salmon fry. The importance of competition 
and predation will depend on the species and size of the released 
fish and the timing and location of the release. 

A fraction of hatchery-produced fish (perhaps as much as 25% for 
chum salmon and 5% for chinook and coho salmon) will stray from 
the hatchery and interbreed with wild stocks. Some people feel 
that hatchery fish are not as genetically fit as wild fish 
because of the removal of natural selection pressures in the 
hatchery. 

Hatchery fish may also carry diseases that occasionally break out 
in hatcheries (because of the intensive culture methods that are 
used there). Thus, interbreeding may result in a weakening of 
the wild stock's gene pool and the infection of the wild stock 
with disease. However, there is little evidence that either of 
these impacts have occurred elsewhere. 

Each of the above impacts can be reduced by locating a hatchery 
as far as possible from major salmon spawning grounds. 

Benefit/Cost Analysis, Although an accurate benefit/cost analy- 
sis for a hatchery in the LYR can't be made without choosing a 
specific site, some rough estimates for generalized sites can be 
useful. Table 5 shows estimates for the various costs and the 
egg capacities required for a benefit/cost ratio of 1 for hat- 
cheries at three types of sites: a village, a remote site more 
than 10 km from a village but having barge access, and a site on 
the Haul Road. The construction and operational costs are based 
on those encountered for the Clear and Sikusuilaq Hatcheries, 
also in Northern Alaska. The high egg capacity required for a 
remote site ( 3 8  million) makes it much less attractive than a 
village site (22 million) or Haul Road site (19 million). Of 
course, these figures assume that a suitable water supply is 
available at each site. 

A hatchery's economic benefits do not necessarily have to exceed 
its costs for it to be feasible, since the hatchery may have an 



Table 5. Estimates of costs and the egg capacity required to 
provide a benefit/cost ratio of 1 at 3 types of site in the 
~ower' Yukon River region. 

Costs (x $l,flGlP) Egg Capacity 
Yearly Total (millions) 

Site Constr. Payment Oper. Yearly For a B/C=l 

major village 4,888 424 3 8 8  73.4 2 2  
remote site 8 00fl 848 4 f l 0  1,248 38 
Haul Road 3 , 0Pl0 318 3Gl8 618 3 9 

1. Based on a 30 year loan at 1 8 % .  
2. Based on a 1% return to fishery, 65% harvest and a value of 
$5/fish. This is equivelent to a value of 3 . 2 5 6  per egg. 



educational or scientific value. In many villages the educatio- 
nal value may be greater than the economic value. 

Non-hatchery Enhancement. There are other types of salmon en- 
hancement besides hatchery production, Most of them, however, 
are not suited for the LYR. One method, instream incubation, 
involves placing an egg incubator on a river bank and diverting 
some of the water through it. An instream incubator must (1) be 
accessible for periodic inspections, (2) have a water supply at 
the right temperature (3) remain ice-free in the winter and (4) 
be located in an area that won't flood or dry up. Fre do not know 
of any sites in the LYR that have these characteristics, Plant- 
ing of eyed eggs is another enhancement method which involves 
incubating salmon eggs in a facility for 1 to 2 months until they 
reach the eyed stage. The eyed eggs are then planted in a stream 
bed before freeze-up. The disadvantages of this method are that 
it requires construction of an incubating facility that is used 
for only a small part of the year, and that evaluation of the egg 
plant's effectiveness is very difficult to obtain. Spawning hab- 
itat improvement is a third type of enhancement that includes re- 
moving beaver dams and log jams and rechanneling some streams to 
improve spawning areas. Because of the remoteness of most of the 
spawning sites in the LYR, we are unaware of opportunities for 
spawning habitat improvement. 
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CONCLUSIONS 

1. The fall chum salmon run appears to be best suited for 
enhancement in the LYR. 

2. Fifteen locations in the LYR were identified as potential 
sites for small-scale (1-5 million egg capacity) fall chum salmon 
hatcheries. 

3. Because of limited water supplies or access limitations, no 
sites were found that would accomodate a production-scale (>1g 
million egg capacity) hatchery. 

4 .  Water supplies at several villages are so limited that even a 
small-scale hatchery would not be possible without recirculation. 
Recirculation technology needs further development before lt can 
be used in the LYR. 

5. More abundant and better quality water may be availabie at 
some villages from below the permafrost layer. Exploratory 
drilling would be required. 

6. Chinook salmon might also be produced in a hatchery in the 
LYR if a fall release is feasible and if water quality problems 
associated with using surface waters can be solved. 

7. Although many fishermen expressed an interest in salmon en- 
hancement when they were interviewed, we did not find a spontane- 
ous demand for it. This was in part due to the fishermen's un- 
familiarity with salmon enhancement concepts. 

8. There is a strong need for education of Yukon River fishermen 
on salmon biology and salmon enhancement techniques. A small- 
scale educational hatchery placed in one or more villages would 
do much to satisfy this need. 

9. It is likely that there will be a stronger demand for hatch- 
ery production in the future as Yukon River fishermen become more 
familiar with hatchery methods and as competition for the alloca- 
tion of wild salmon between upper and lower Yukon River fishermen 
increases. 

10. If a production-scale hatchery is to be built, most LYR 
fishermen wanted it to be located upriver from their village. 
This provides an opportunity to consider sites upriver from the 
region studied. 
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A P P E N D I X  A 

Egg c a p a c i t i e s  o f  h a t c h e r i e s  w i t h  d i f f e r e n t  w a t e r  s u p p l i e s  

Assume t h a t  a  w a t e r  s o u r c e  h a s  a  f l o w  q and a n  a v e r a g e  t e m p e r s -  
t u r g  T. L e t  Q = t h e  w a t e r  f l o w  t h a t  c a n  b e  o b t a i n e d  a t  a  s i t e  a t  
3.5 C w i t h o u t  e x p e n d i n g  a d d i t i o n a l  e n e r g y .  T h e r e  a r e  two c a s e s  
t o  c o n s i d e r  d e p e n d i n g  o n  t h e  t e m p e r a t u r e .  

1. T < 3 . 5 O ~ .  The w a t e r  m u s t  b e  h e a t e d  w i t h  w a s t e  h e a t  t o  a l l o w  
f o r  p r o p e r  e g g  d e v e l o p m e n t .  The r e c o v e r a b l e  h e a t  o u t p u t  o f  a  
d i e s e l - e l e c t r i c  g e n e r a t o r  ( u s e d  f o r  p r o v i d i n g  e l e c t r i c  power t o  a  
h a t c h e r y )  is a p p r o x i m a t e l y  e q u a l  t o  i t s  e l e c t r i c  power  o u t p u t .  A 
2 5  K W  g e n e r a t o r  w i l l  t h e r e f o r e  g e n e r a t e  357 k c a l / m i n .  One k c a l  
w i l l  r a i s e  t h e  t e m p e r a t u r e  o f  o n e  l i t e r  o &  w a t e r  b y  1°C.  The 
maximum f l o w  Q t h a t  c a n  b e  h e a t e d  t o  3.5 C i s  

m 

357 
- 

Qm 
- l i t e r s  p e r  m i n u t e  

3 . 5  - T  

I f  Qm < q ,  t h e n  Q = Om. I f  Qm > q ,  t h e n  Q = q .  

2 .  T  > 3 . 5 ' ~ .  T h e r e  a r e  f o u r  s i t e s  ie  T a b l e  4 w i t h  T  > 3 . 5 ' ~ .  
Each s i t e  h a s  a  n e a r b y  w a t e r  s o u r c e  ( 0  C i n  w i e t e r )  t h a t  c a n  b e  
mixed w i t h  t h e  s p r i n g  w a t e r  t o  l o w e r  i t  t o  3 .5  C.   he r e s u l t a n t  
f l o w  is t h e n  

H o r n e r  Hot S p r i n g  is a n  e x c e p t i o n  t o  t h i s  r u l e  s i n c e  t h e r e  is n o t  
e n o u g h  c o l d  w a t e r  t o  c o o l  t h e  h o t  w a t e r .  F o r  t h i s  c a s e ,  Q = t h e  
c o l d  w a t e r  f l o w  ( 1 1 8 0  lpm) p l u s o e n o u g h  o f  t h e  h o t  w a t e r  ( 8 7  lpm) 
t o  p r o v i d e  a  t e m p e r a t u r e  o f  3 .5  C.  

Now t h a t  w e  h a v e  a n  e s t i m a t e  f o r  Q f o r  e a c h  s i t e ,  w e  may c a l c u -  
l a t e  t h e  number o f  e g g s  t h a t  e a c h  s i t e  is  c a p a b l e  o f  i n c u b a t i n g .  
A f l o w  o f  378 lpm is r e q u i r e d  f o r  e a c h  m i l l i o n  e g g s  b e i n g  i n c u b a -  
t e d .  The e g g  c a p a c i t y  o f  a  s i n g l e - p a s s  h a t c h e r y  ( w h e r e  t h e  w a t e r  
i s  u s e d  o n l y  o n c e ) ,  i s  t h e r e f o r e  

Cs 
= Q/378 m i l l i o n  e g g s .  

F o r  a  h a t c h e r y  u s i n g  9 5 %  r e c i r c u l a t e d  w a t e r  and  5% new w a t e r  
( 5 %  m a k e - u p ) ,  t h e  e g g  c a p a c i t y  is 



Appendix Table 1. Water a v a i l a b i l i t y ,  Haul Road Region, Lower Yukon River  Hatchery S i t e  Inves t iga t ion .  L e t t e r s  i n  parentheses r e f e r  t o  
a d d i t i o n a l  data ava i lab le  i n  Volume 11: C = water q u a l i t y  records; P  = p a r t i a l  water q u a l i t y  records; W = we l l  logs;  
D  = a q u i f e r  draw down log. P/L MP i s  p i p e l i n e  m i l e  post .  En t r ies  n o t  referenced a t t r i b u t a b l e  t o  t h i s  repor t .  

Flow Tem . 
Date (1 i ters lm in )  ( ' ~ 9  S i t e  # Name Comments Reference 

1 D i e t r i c h  River  10/3/80 

3/30/79 P/L MP 180.8. Very c l e a r ,  several open areas along 1 
road. (P) 

P/L MP 180.75. Clear, c lean gravel .  4.5 m from 
road. 

2 Spring near D i e t r i c h  R ive r  10/3/80 P/L MP 180.4 c u l v e r t .  Spring on west s ide  o f  
road 6.0°C. S r i n  on east  s ide 2.5OC. Both j o i n  
on east  s ide,  !.lo!. 70 m below confluence, 3.1°C 

4/14/81 

3 Spring near D i e t r i c h  River  10/3/80 

4/14/81 

4  Spring near D i e t r i c h  River  10/3/80 

Snowed over. 

P/L MP 182.2. 

Snowed over. 

P/L MP 190.0 c u l v e r t .  7.5OC @ c u l v e r t ,  8.5OC 
where c u l v e r t  e x i t s  h i l l  approx. 46 m upstream 
from c u l v e r t .  Algae present.  

4.5OC @ c u l v e r t ,  7.7 t o  8.1°C 50 m  upstream above 
c u l v e r t .  pH 6.43, D.O. 3.5 ppm, hardness 
23 gra ins/gal ,  76.2 mm scu lp in  

5  Spring near D i e t r i c h  River  10/3/80 108 APL - 16, P/L MP 179.5. P i p e l i n e  b u r i e d  w i t h i n  
a  few meters. High temp. may be due t o  p rox im i ty .  

Snowed over. 

6  Spring near At igun River  10/3/80 
Bridge # 1  

7  At igun Camp Creek 10/3/80 

P ipe l ine  bur ied  very near t h i s  s i t e .  High temp. 
may be due t o  p rox im i ty .  

Located @ south end o f  At igun Camp. Temp. @ c u l -  
v e r t  l. g°C. Temp. @ source 400 m upstream 2. O°C. 



Appendix Table 1 continued. 

Flow Temp. 
S i t e  # Name Date (1 i te rs /m in )  ("c) Comments Reference 

8 Spring near At igun River  10/3/80 850 2.8 OMS 112-3.2 c u l v e r t .  2.8'C @ source 9 m from 
c u l v e r t .  A t  c u l v e r t  2.4"C. 

9 Possible sp r ing  near 
At igun Camp 

P/L MP 209.5. Small h i l l s i d e  i c i n g s  form along 2 
west f l a n k  o f  Sukakpak Mtn. 

Middle Fork Koyukuk River  3/30/79 59,500 
a t  Bridge # I  

0 Very c l e a r ,  1.5 meter i c e ,  (P) 1 

1 . 3  

Some open water upstream. 

Very c l e a r ,  open water i n  small area below br idge.  1 Middle Fork Koyukuk River  3/30/79 
a t  Bridge #2 

Open water below br idge.  

Snow covered. Middle Fork Koyukuk River  4/14/81 
a t  Bridge #3 

Middle Fork Koyukuk River  4/14/81 
a t  Bridge #4 

0 .6  Open water,  t h i n  i ce .  

Hammond River  4/14/81 Snow covered. 

Creek near Cold Foot 4/14/81 Immediately south o f  Cold Foot. Some open water 
downstream from c u l v e r t .  

Minnie Creek near Cold Foot 4/14/81 

Slate Creek near Cold Foot 4/14/81 

Snow covered. 

Snow covered. 

Gold Creek P/L MP 215.8. Small i c i n g s  form along a 300 m area 2 
upstream from Haul Road. 

Sheep Creek P/L MP 216.6. Small i c i n g s  form upstream from 2 
Haul Road. 



Appendix Table 1 continued. 

Flow Tem . 
Date (1 i ters lm in )  (OC! S i t e  # Name Comments Reference 

2 0 South Fork KO ukuk River  3/30/79 
a t  Haul Road %r idge 

4/14/81 

2 1 North Spring Creek 

22 Twelve M i l e  Creek 

Very c lea r ,  1 .2 m i ce ,  5 cm water under i ce ,  76 lpm 1 
upwel l ing through i c e  hole. (P) 

I c e  1.2 m t h i c k .  

P/L MP 240.2. Small i c i n g s  along spur dikes. 2 

P/L MP 243. Large i c i n g  on west s ide o f  Haul Road 2 
co r r ido r .  

2 3 Jim River  Bridge #3 

Open water along long leads. Pump i n t a k e  i n  middle 
o f  r i v e r  apparent ly  i n  operat ion. 

P 
w 

24 Doug1 as Creek Traversed lower 3.2 km. No open water, snow 
covered. 

25 Jim River  Bridge #2 

26 Jim River  Bridge # 1  

Snow covered, no open water o r  overf low. 

Very c l e a r ,  small area open water upstream from 
br idge.  

Clear, no i ce ,  2.3"-2.5OC, gravel  bottom. 

Open water. 

Jim River  Spring # 1  
near Prospect 

Clear, located near pumphouse. 

Sampled 25 m downriver from pumphouse a t  Jim R. 
Camp. Open water area near r i f f l e s .  Rest o f  
channel frozen. 

Jim River  a t  Prospect Camp 3/30/79 

10/2/80 

Creek f low ing  i n t o  Jim R. 10/4/80 

Very c l e a r ,  r i v e r  covered w i t h  overf low. (P) 

Clear, no i c e .  

East bank 800 m below Jim River  Br idge #3 (JRB #3) 



Appendix Table 1 continued. 

Flow 
S i t e  # Name Date (1 i ters/mi  n) Comments Reference 

30 Creek f low ing  i n t o  J im R. 10/4/80 6,800 2 . 1  East bank 1.6 km below JRB #3 

3 1 Creek f low ing  i n t o  Jim R. 10/4/80 6,800 2.5 East bank 1.9 km below JRB #3 

3 2 C r e e k f l o w i n g i n t o J i m R .  10/4/80 10,200 1.1 West bank 2.9 km'below JRB #3 

33 C r e e k f l o w i n g i n t o J i m R .  10/4/80 2,600 0.2 West bank 3 . 1  km below JRB #3 

34 Creek f low ing  i n t o  J im R. 10/4/80 850 2.5 West bank 4.0 km below JRB #3. Appears t o  be 
spr ing  f e d  from the r i v e r .  

3 5 Creek f low ing  i n t o  J im R. 10/4/80 5,100 1.0 East bank 4.8 km below JRB #3. 6 1  m t o  Haul Road. 

36 Jim River  Spring #2 4/13/81 630 0.3 800m below pumphouse on opposi te  s ide  o f  r i v e r .  
P near Prospect Open water, algae present.  
N 

3 7 Jim River  Spring #3 4/13/81 1,600 0.25 180 m down from Jim R. Spring #2. Open water,  
near Prospect l o t s  o f  algae. 

38 Jim River  near Prospect 4/13/81 89,200 0 3.4 km downstream from pumphouse. Open water near 
h igh  gradient .  

39 Jim River  near Prospect 4/13/81 

40 Jim River  near Prospect 4/14/81 

0 .7  - 0.9 Below beaver dam 30 m u stream from s i t e  #38. 
Open water immediately gelow beaver dam. 

2.6 km upstream from um house. Several patches 
o f  o en water t y p i c a l  y 0 cm x 50 cm. Current 
audig le  through ice.  

e ! 
41 Jim River  near Prospect 4/14/81 85,000 0 4.3 km downstream from pumphouse. Many open leads. 

Snow too deep t o  cont inue. 

42 Unnamed creek, t r i b .  o f  4/14/81 
Jim R .  

43 Prospect Creek a t  Br idge 4/13/81 

44 N. Fork Bonanza Creek 4/13/81 
a t  Haul Road br idge 

1.7 800 m south o f  Jim R. Br idge #3. 

Snow covered. No overf low. I c e  90 cm t h i c k  under 
br idge.  

Snow covered. No over f low v i s i b l e .  



Appendix Table 1 continued. 

S i t e  # Name 
Flow 

 ate (1 i ters/min) p. Comments Reference 

4 5 S. Fork Bonanza Creek 4/13/81 7,400 0.7 3 m o f  open water 6 m above br idge.  
a t  Haul Road b r idge  

46 F ish  Creek 1.6 P/L MP 295. Clear, gravel  bottom. 

Frozen near l y  t o  bottom. I c e  t rans a ren t  a t  g br idge.  F a i n t  cu r ren t  t r i c k l e  audi l e .  
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Appendix Table 2. Water avai l a b i  1 i t y ,  Koyukuk River  region, Lower Yukon River  Hatchery S i t e  I n v e s t i  a t ion .  L e t t e r s  i n  parentheses r e f e r  
t o  a d d i t i o n a l  data ava i lab le  i n  Volume 11: C = water q u a l i t  records; P = p a r t i a q  water q u a l i t y  records; W = we l l  log;  i: D = a q u i f e r  draw down log.  E n t r i e s  no t  referenced a t t r i b u t a  l e  t o  t h i s  repor t .  

S i t e  # Name 
Flow 

Date ( 1  i ters/min) {yp, Comments Reference 
- 

S. Fork Koyukuk River  Reported year round open water area w / f a l l  chums 3 
12.9 km below confluence o f  J im River  

Middle Fork Koyukuk River  2/4/81 Small f 1 5  m open water sec t ion  eminat in  from 
rav ine  on south bank 2 bends above Bettges F i e l d .  

Alatna B l u f f  Spring 2/5/81 No water f low, 90 cm snow cover a t  t ime o f  v i s i t .  3 
Prev ious ly  repor ted open water spring. 

Unnamed creek, A1 lakaket  2/5/81 At  east  end o f  v i l l a g e .  Color 70 u n i t s .  F luor ide  4 
0.8 ppm. Frozen s o l i d  a t  t ime o f  v i s i t .  

PHs t e s t  we1 1 # I ,  8/26/78 
A1 lakaket  

D r i l l e d  1973. 10.7 m deep. Aqui fer  connected t o  5 
r i v e r .  (C ,  W ,  D) 

Al lakaket  School we l l  2/4-7/81 1.9 11.1 m deep. Aqui fer  connected t o  r i v e r .  ( C )  5 ,  6, 53 

Koyukuk R iver  a t  A l lakaket  

Clear Creek near Hogatza Reported spr ing  fed  system w i t h  year round open 8, 9 
water. Summer chum present.  

Caribou Creek near Hogatza Reported spr ing  fed, summer chum system w i t h  year  
round open water downstream from Hogatza Rd. crossing. 

8, 9 

Unnamed spr ing  near Hogatza Reported between Clear and Bear Creeks along 9, 10 
Hogatza Rd. , u n v e r i f i a b l e  by USGS. 

Bear Creek near Hogatza 8/8/77 15.0 A t  east  ed e o f  Hogatza Mine, 1.3 km upstream from 11 
mouth. (c! 

Pocahontas Hot Spring 
near Hughes 

No landing s t r i p .  12 

Hot S r i ngs  Creek R near ughes 
No landing s t r i p .  Springs 9.6 km o f f  Koyukuk 
River. 



Appendix Table 2 continued. 

Flow Temp. 
S i t e  # Name Date ( l i t e r s h i n )  ("c) Comments Reference 

60 Tunalkten Lake Hot Spr ing 
near Hughes 

6 1  Hughes PHs w e l l  5/19/73 

62-65 (Deleted) 

66 North Fork Hus l ia  River  

6 7 B i  1 l y  Hawk River  

68 Husl ia  PHs w e l l  
P 
cn 69-92 Husl ia  w e l l s  

Reported low f low,  warm spr ing  w i t h  no d i r e c t  d i s -  12 
charge t o  Koyukuk River. 

30.5 m deep. (C ,  W) 5 

250" Reported h o t  springs near headwaters w/chum salmon 8, 13, 14 
present i n  system. 

250" Reported h o t  spr ings near headwaters w/chum salmon 8, 13, 14 
present  i n  system. 

70.1 m deep. (C ,  W) 5 

24 r e s i d e n t i a l  we l l s ,  15.2 m t o  21.3 m deep. (P) 5 

93 Koyukuk VSW w e l l  10/3/75 23 57.9 m deep. (C,  W )  5, 15 

Key t o  References. See Appendix Table 1. 



Appendix Table 3. Water avai l a b i  1 i t y ,  Yukon River  region, Lower Yukon River Hatchery S i t e  Inves t iga t ion .  Le t te rs  i n  parentheses r e f e r  t o  
a d d i t i o n a l  data ava i lab le  i n  Volume 11: C = water q u a l i t y  records; P = p a r t i a l  water q u a l i t y  records; W = w e l l  log; 
D = a q u i f e r  draw down log.  E n t r i e s  no t  referenced a t t r i b u t a b l e  t o  t h i s  repor t .  

Flow Tem . 
S i t e  # Name Date (1 t e r s m  n ('c! Comments Reference 

94 Bear Creek near Tanana Reported t o  remain open year round wlsummer chums. 16, 17 
Recommended by Tanana C i t y  Council as rehab s i t e .  

2/4/81 A e r i a l  o v e r f l i g h t .  No open water observed. 

95 Hess Creek near Tanana Reported w/sections remaining open year  round. 17, 18, 
19 

96 Stevens Creek near Tanana 

97-99 (Deleted) 

100 Texas Creek near Tanana 

101 Morlock Creek near Tanana 

102 Garnet Creek near Tanana 

103 Tanana PHs Hospi ta l  we1 1 8/28/76 

104-109 Tanana p r i v a t e  we1 1s 

110 Bear Creek near Tanana 

111 Tanana PHs we1 1 

112 NC Creek, Tanana 

113 Tozi tna River 

Spring fed  open water sec t ion  repor ted 24.1 km up 18, 19 
creek a t  Sandusky Creek. 

Reported w/sections remaining open year  round 
w/summer chums 

Reported w/sections remaining open year  round 
w/summer chums 

Reported w/sections remaining open year  round 18, 19 

47.2 m deep. D r i l l e d  8/76. (C ,  W, D) 5,  20 

A l l  hard water, low y i e l d .  (C)  5 

Surplus White A l i c e  s i t e ,  14.5 km by road, n o r t h  o f  17, 18 
Tanana. Annual f l ow es t .  f l u c t u a t e  17,000 t o  
214,100 l/min. 

59.1 m deep. (C ,  W) 5, 2 1  

0.6 Organic s ta in .  
Freezes up i n  w in te r  

Year round open water s i t e  a t  j u n c t i o n  o f  Toz i tna 16, 17, 
and Ptarmigan Cr. Submerged spr ing  repor ted 1.2 km 22 
downstream o f  confluence w i t h  Crooked C r .  (C) 



Appendix Table 3 continued. 

Site # Name 
Flow 

Date ( 1  itershin) p;~' Comments Reference 

114 (Deleted) 

115 Horner Hot Springs 1917 

9/29/80 

116 Horner Hot Springs Cr. 9/29/80 

2/18/81 

117 Nowitna River 9/28/80 

P 
118 Deer Creek near Ruby 

4 

119 New Ruby School we1 1 3/7/79 

120 Ruby PHs well 2/17/81 

7/26/81 

121 Ruby Roadhouse well 9/28/80 

122 Al bert Euryanna wel 1, Ruby 

12 3 Ruby Spring 

124 Three Mile Seep near Ruby 9/28/80 

47.0 Located 1 .6  km north of Yukon. 7 springs total. (C) 14 

48.0 Main spring. 

6 . 0  Temp. and flow at mouth 

0.8 Temp. and flow at mouth 

Aerial observation. Heavily si 1 ted. 

Aerial observation. Frozen, no open leads. 

Locally known as Deep Creek. Remains open year 
round. 

Aerial observation rust colored. 

Aerial observation. Frozen, no open leads. 

1.1 Drilled by Swan Drilling. 95.7 m deep. (C, W )  

0 . 5  Located west of store. (C, W, D) 

1 . 7  

0.5 19 .8  m deep in limestone bedrock crack. 15,  26 

0 .5  Located across street from Ruby Roadhouse. Draws 5, 26 
from same bedrock crack. (C) 

2.6 Bacterial contamination summer 1979. (C) 15,  24 

0 Slight ice upwelling 183 m downhill from spring. 

2 . 8  MP 2 . 7  Ruby-Poorman Rd. Collection pond near road. 15,  24, 
Traditional watering point. Source is 90 m west of 53 
road. Small seepage only. No natural coliform 
count. (C) 



Appendix Table 3 continued. 

Flow Tem . 
S i t e  # Name Date 1 t e r s m n  (OC! Comments Reference 

124 (cont.  ) 2/17/81 0 70 m long g l a c i e r  near road. No v i s i b l e  f low. 

7/26/81 2.4 5.0 Discharge from c o l l e c t i o n  pond through wood p i p e  
near road. Source f lowed 4.3 lpm @1.8OC. 

125 Boston Creek near Ruby MP 10 Ruby-Poorman Rd. Loca l l y  c a l l e d  10 M i l e  Seep. 15, 24 
T r a d i t i o n a l  water ing p o i n t  a t  c u l v e r t  w/"sof t "  water. 
Suspected t o  be spr ing  fed. Low na tu ra l  c o l i f o r m  
count. Glac iates i n  w in te r .  

125a Unnamed spr ing  near Ruby 7/26/81 28 9.2 MP 13.8 Ruby-Poorman Rd. Tr ibu ta ry  o f  New York Cr. 
Spring source 6 m east  o f  road. 

P 
CO 125b Long Creek 7/26/81 3,300 5.9 MP 20.8 Ruby-Poorman Rd. A t  road crossing. Poss ib ly  

sp r ing  fed. Clear water, gravel  bottom. 

126 Unnamed spr ing  near Long Spring 1980 /P 33.5-34.1 Ruby-Poorman Rd. Observed f low ing  24 
heavi ly ' '  on h i l l s i d e .  No f low repor ted  i n  w in te r .  

7/27/81 2,300 5.0 1 km long seepa e area on east  s ide  o f  road. 2 7 
5 areas i n  whice water was channel ized had f lows 
betweem 29 amd 140 Ipm. 

127 Crooked Creek near Long 

128 Midni h t  Creek Spring 
near 9 ong 

129 L i t t l e  Melozitna Hot Spring 

MP 35.5 Ruby-Poorman Rd. Reported year  round spr ing  2 7 
a t  head o f  creek. 

2 . 1  At  c u l v e r t .  Highest c l e a r  water s p r i n  -600 m east  
and 20 m above c u l v e r t .  710 lpm ~ 1 . 2 0 1 .  13 s p r ~ n g  
vents loca ted  5 m downstream from highest  spring. 
To ta l  f l ow 60 lpm @3.5OC w i t h  apparent ly  h igh  i r o n  
concentrat ion. V i s i b i l i t y  -5 cm. Numerous small 
c l e a r  water sp r ing  seeps along creek bank from 
highest  sp r ing  t o  road crossing. 

28 - 38 Spring loca ted  on west bank. H2S present.  



Appendix Table 3 continued. 

Flow Tem . 
S i t e  # Name Date (1 i t e r s h i  n) ("c! Comments Reference 

130 Melozi Hot Springs 492 55 - 56 Unimproved a i r s t r i p  adjacent.  ( C )  

131 Melozi Hot Springs Creek Very good chum system. Some klngip!resent. Adja- 8, 28 
cent  t o  h o t  springs w / a i r s t r i p  

132 Gray l ing Creek near Ruby Reported t o  remain open year round. 24 

133 Meloz i tna River  Reported t o  remain open ear round i n  several sec- 15, 29 
t i o n s  between 400 m and (00 m upstream. ( C )  

Ground surve lower 3.2 km. Air temp -40°C. No 
open water oiserved. 

Yuki River  near Galena A e r i a l  overview - t u r b i d .  Subject t o  w i n t e r  i c e  
overf low. 

K e l l y  Creek near Galena 

Kala Creek near Galena 

Reported fa1 1 chum system w/possi b l e  sp r ing  seep. 8 

A e r i a l  overview - heavy r u s t  s ta in .  King and chum 
salmon system. 

Galena Creek near Galena A e r i a l  overview - extremely t u r b i d .  

A e r i a l  overview - extremely t u r b i d .  K incaid Creek near Galena 

Bishop Creek near Galena A e r i a l  overview - extremely t u r b i d .  

P i l o t  Mtn. Slough 
near Galena 

A e r i a l  overview - t u r b i d ,  same c o l o r  as Yukon. 

Galena VSW we l l  2.2 Alexander Lake s i t e .  44.8 m deep. Raw water 
reddish i n  co lo r .  (C ,  W) 

( C )  

40.2 m deep. (W) 

Galena AFB w e l l  

Galena new housing w e l l  

Mukluk Creek, Nulato 2.0 Organic s ta in .  V i s i b i l i t y  61  cm. 
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Appendix Table 3 continued. 

S i t e  # Name 
Flow Tem . 

Date (1 i ters lm in )  (OC? Comments Reference 
- 

17 3 Unnamed creek near Paimiut  4/8/81 

174 Dogfish V i l l a g e  Creek 4/8/81 

17 5 Unnamed spr ing  near 
Russian Mission 

176 Russian Mission PHs w e l l  10/15/80 

Cn 
N 177 Russian Mission o l d  PHs w e l l  6/2/68 

178 Nunvotchuk Lake near 4/8/81 
Russian Mission 

179 Engineer Lake near 
Marshal 1 

180 Unnamed stream, 4/8/81 
Engineer Lake 

181 Wil low Creek Soda Springs 8/25/16 
near Marshal 1 

4/8/81 

182 Spruce Creek near Marshal l  4/8/81 

183 Joe Wise Creek near 4/8/81 
Marshal l  

A e r i a l  observat ion. Open water i n  small  creek 
o r i g i n a t i n  i n  h i l l s i d e  1.300 m u p r i v e r  from 9 j u n c t i o n  o Tuckers Slough w i t h  Yukon River. 

A e r i a l  observat ion. Substant ia l  i c i n g  along creek 
course through town, no open water observed. 

Reported on creek 2.4 km downriver on Yukon east  39 
bank. Reported warm t o  touch, 60-90 cm across. 
Summer chums reported. 

6 . 1  35.7 m deep. ( C ,  W, D) 40, 53 

3.3 39.0 m deep. Water i n  sandstone crack. (C ,  W, D) 5, 40 

Aer ia l  observat ion. Small open water a t  o u t l e t  o f  
chum salmon streams a t  head o f  lake. 

Located 24.1 km u r i v e r  on NE bank from Marshal l .  R 4 1 
8 km long, good c um salmon system. Lake access ib le  
from Yukon by s k i f f .  

Aer ia l  o v e r f l i g h t .  No open water observed 

A e r i a l  o v e r f l i g h t .  Stream headwaters i n  Bend Mtn. 
Open water i n  lower 6.4 km. 

10.0 8 km up Wi l low Creek on road from Wil low Creek 23, 41  
landing. 7 springs reported, 3 s t i l l  a c t i v e  
@5.4 Ipm ea. 

A e r i a l  o v e r f l i g h t .  Unable t o  loca te  springs. 

Aer ia l  o v e r f l i g h t .  Creek 80% open. Est.  
3.0 m wide. Reported chum system. 

A e r i a l  o v e r f l i g h t .  Creek 80% open. Est.  2.1 m 
wide. 
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Appendix Table 3 continued. 

S i t e  # Name 
Flow Tem . 

Date (1 i ters/mi n) cOc! Comments Reference 

195 Andreafsky River  King and chum system. ( C )  22 

196 AVEC we l l  #1, S t .  Marys 6/72 110 61.0 m deep. Not used. (W) 5, 46 

197 C i t y  dock w e l l  #2, St .  Marys 12/72 190 17.4 m deep. Not used. (W) 5, 46 

198 Andreaf s ky townsi t e  we1 1 #3, 12/72 95 
S t .  Marys 

199 Sheppards Trading Post 
we l l  #4, S t .  Marys 

200 C i t y  dock we l l  #5, 6/74 57 
S t .  Marys 

Cn 
P 201 Sewage Lagoon we1 1 #6, 9/74 57 

S t .  Marys 

202 Pumphouse w e l l  #7, 12/74 
S t .  Marys 

203 SOS High School we1 1 #8, 9/75 
S t .  Marys 

204 Well #9, St.  Marys 7/76 

4/8/81 

205 Unnamed spr ing,  M t .  V i  1 lage 11/11/80 

3/11/81 

206 Unnamed spr ing , M t .  V i  11 age 4/8/81 

8.5 m deep. Not used. (W) 

16.8 m deep. Not used. (W)  5, 46 

25.3 m deep. Not used. (C, W) 

36.6 m deep. Not used. (W) 

19 61.6 m deep. Not used. (W) 46 

210 64.0 m deep. Not used 46 

Located near Alstrom Creek. 16.5 m deep. I n f i l -  46 
t r a t i o n  g a l l e r y  s i t e .  ( C ,  W, D) 

0.6 pH 6.73. Reported 130 lpm. 

28 1.5 200 m west o f  town along Yukon. 

0 Heavi ly  g lac iated.  150 cm deep by 60 cm wide hole 
open i n  overf low. Flow under i c e  unknown. 

0.2 Heavi ly  g lac ia ted  76 t o  9 1  cm standing water under 
i c e  lens. Flow unknown. 

Located i n  rav ine  adjacent t o  Lower Yukon/Kuskokwim 
Aquaculture Assoc. Hatchery. I c i n g  present.  No 
f r e e  water observed. (C)  



Appendix Table 3 continued. 

Flow Tem . 
Date 1 i t e r s m n  ( O C ~  S i t e  # Name Comments Reference 

Archuel inguk River  # 1  
near M t .  V i  11 age 

0.5 9.6 km upr i ve r .  Water depth 119.4 cm. I c e  depth 
88.9 cm. 

Archuel inguk River  #2 
near Mt. V i l l a g e  

0.5 12.8 km upr i ve r .  Water depth 55.9 cm. D.O. 
7 m g / l i t e r .  S l i g h t  su l ferous odor. Open water. 

West Fork Archuel inguk R. 
near Mt. V i l l age .  

Frozen t o  bottom. 

M t .  V i l l a g e  PHs w e l l  # 1  68.6 m deep. S t a t i c  l e v e l  var ies 0-9.1 m. Not 
used. (D, W) 

M t .  V i l l a g e  PHs w e l l  #2 1.7 42.7 rn deep. (C, D, W) 

M t .  V i l l a g e  High School 
we1 1 

2.2 59.4 m deep. Not used. Temp. taken 3-14-79 a t  
we1 lhead by ADEC. (C, W, 0) 

M t .  V i l l a g e  PHs t e s t  
ho le # 1  

31.4 m deep. Not used. ( C ,  W) 

Mt. V i l l a g e  PHs t e s t  
ho le #2 

18.3 m deep. Not used. (C ,  W) 

M t .  V i l l a g e  PHs t e s t  
ho le #3 

13.9 m deep. Not used. (C ,  W) 

M t .  V i l l a g e  PHs t e s t  
ho le #4 

25.9 m deep. Not used. (W) 

M t .  V i l l a g e  PHs t e s t  
ho le #5 

11.6 m deep. Not used. (W)  

Alakanuk VSW f a c i l i t y  Surface water from Yukon t r e a t e d  by f a c i l i t y .  (C) 

Alakanuk BIA we l l s  BIA d r i l l e d  two we l l s ,  29 m and 36.6 m deep--salt-  
water. PHs d r i l l e d  31.1 m w e l l  f o r  BIA--sa l twater  

Black River near Alakanuk North s ide t r i b u t a r i e s  t o  Black R. , a r e  repor ted 49 
c l e a r  water salmon systems. Boat /he l icopter  access. 





Appendix Table 4. Preliminary Alaska Department of Fish and Game water 
quality standards for salmon aquaculture, 1977. 

A1 kal i ni ty 
A1 umi num 
Ammoni a (unionized) 
Arsenic 
Bari um 
Cadmi um 

Carbon Dioxide 
Chloride 
Chlorine 
Chromi um 
Copper 

Dissolved Oxygen 
Fl uori ne 
Hydrogen Sul f i de 
Iron 
Iron Bacteria 

Lead 
Magnes i um 
Manganese 
Mercury 
Nickel 
Nitrate (NO3) 
Nitrite (NO2) 
Nitrogen (N2) 

Petroleum or 
deri vati ves 

P H 
Potass i urn 
Radiation count 
(background) 

Sal i ni ty 
Sel eni um 
Silver 

Sodi um 
SUI fate   SO^-^) 
Temperature 
Total Dissolved Solids 
Total Settleable Solids 
Urani um 
Vanadi urn 
Zinc 
Zi rconi um 

at least 20 mg/l as CaC03 
(0.01 mg/l 
(0.02 mg/1 
(0.05 mg/l 
(5.0 mg/l 
(0.0005 mg/l (1100 mg/l alkalinity) 
(0.005 (2100 mg/l alkalinity) 
(1.0 mg/l 
(4.0 mg/l 
(0.003 mg/l 
(0.03 mg/l (fish and other aquatic life) 
(0.006 mg/l (SO0 mg/l a1 kal i ni ty) 
(0.03 mg/l (5100 mg/l a1 kal ini ty) 
>8.0 mg/l 
(0.5 mg/l 
(0.003 mg/l 
(0.1 mq/l 
(includes Sphaeroti 1us sp. ) - prefer water with 
a lack of enough nutrients to inhibit qrowth. - 
(0.02 mg/l 
(15 mg/l 
(0.01 mg/l 
<0.0002 mg/l 
(0.01 mg/l 
(1.0 mg/l ((0.10 mg N/1) 
(0.1 mg/l ((0.01 mg N/1) 
(110% total gas pressure 
((103% nitrogen gas) 

None 
6.5 - 8.0 
(5.0 mg/l 

Information only 
(5.0 ppt 
(0.01 mg/l 
(0.003 mg/l (fresh water) 
(0.0003 mg/l (salt water) 
(75.0 mg/l 
(50.0 mg/l 
oO - 15OC 
(400.0 mg/l 
(80.0 mg/l (25 JTU) 
(0.1 mg/l 
(0.1 mg/l 
(0.005 mg/l 
(0.1 mg/l 

Note: Synergistic and antagonistic chemical reactions must be considered 
when evaluating a water source against these criteria. 
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Appendix Table 5. Access and gravel availability for sites in 
the Lower Yukon River region having the most potential for 
hatchery development. Abbreviations: Exc = excellent; sum = 
summer only; unk = unknown; lim = limited. 

Gravel Airport Access 
Name (site # )  Avail. (m) Road Barge Boat 

Dietrich River (1) 
Spring near Dietrich 

River (4) 
Jim River at Prospect 

Camp (23) 
Clear and Caribou Cks (54, 55) 
Horner Hot Springs (115) 
Ruby PHS well (120) 
Midnight Creek Spring (128) 
Melozi Hot Spring (130) 
Holy Cross Spring (167) 
Holy Cross PHs well (170) 
Unnamed Creek near 

Dogfish Village (172) 
Russian Mission PHS well (176) 
Marshall Airport Spring (1.85) 
St. Mary's (193, 194) 

Good 

Good 

Good 
Good 
Unk 
Good 
Good 
Unk 
Lim 
Lim 

Unk 
Lim 
Fair 
Good 

1,524 
975 

None 
793 
Unk 
366 

1,C?36 
1,036 

None 
457 
427 

1,829 

Exc 

Exc 

Exc 
Sum 
None 
Good 
Sum 
None 
Poor 
Good 

None 
Good 
Good 
Good 

hl 0 
Yes 
Yes 
Yes 
Yes 
No 
Yes 
Yes 

Yes 
Yes 
Yes 
Yes 

No 
No 
Yes 
No 
No 
Yes 
No 
No 

Yes 
No 
No 
No 



 

 

The Alaska Department of Fish and Game administers all programs and activities free from discrimination 
based on race, color, national origin, age, sex, religion, marital status, pregnancy, parenthood, or disability. 
The department administers all programs and activities in compliance with Title VI of the Civil Rights Act 
of 1964, Section 504 of the Rehabilitation Act of 1973, Title II of the Americans with Disabilities Act of 
1990, the Age Discrimination Act of 1975, and Title IX of the Education Amendments of 1972. 
  
If you believe you have been discriminated against in any program, activity, or facility, or if you desire 
further information please write to ADF&G, P.O. Box 25526, Juneau, AK 99802-5526; U.S. Fish and 
Wildlife Service, 4040 N. Fairfax Drive, Suite 300 Webb, Arlington, VA 22203 or O.E.O., U.S. 
Department of the Interior, Washington DC 20240. 
 
For information on alternative formats for this and other department publications, please contact the 
department ADA Coordinator at (voice) 907-465-6077, (TDD) 907-465-3646, or (FAX) 907-465-6078. 
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